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Introduction: The association between inﬂuenza vaccination and COVID-19 remains controversial. This meta-analysis aimed to investigate whether inﬂuenza vaccination reduces the susceptibility and severity of SARS-CoV-2 infection.

Methods: A systematic literature search of PubMed, Web of Science, the Cochrane Library,
Embase, China National Knowledge Infrastructure, SinoMed, Wanfang Data Knowledge Service
Platform, and China Science and Technology Journal VIP Database was conducted from database
inception to August 2021. The pooled RR with 95% CI was used to estimate the effect of inﬂuenza
vaccination on COVID-19. The I2 value was used to assess heterogeneity. If I2>50%, the randomeffects model was used as the pooling method.

Results: A total of 23 published articles with 1,037,445 participants were identiﬁed. This metaanalysis showed that inﬂuenza vaccination was associated with reduced risk of COVID-19 infection
(RR=0.83, 95% CI=0.76, 0.90) and hospitalization (RR=0.71, 95% CI=0.59, 0.84), although not signiﬁcantly associated with intensive care unit admission and death (risk of intensive care unit admission: RR=0.93, 95% CI=0.64, 1.36; risk of death: RR=0.83, 95% CI=0.68, 1.01). Further analysis
suggested that the tetravalent inﬂuenza vaccine may be associated with a reduced risk of COVID19 infection (RR=0.74, 95% CI=0.65, 0.84).
Discussion: The results suggest that inﬂuenza vaccination is associated with reduced susceptibility
to or disease severity of COVID-19 and that inﬂuenza vaccination may reduce the risk of COVID19 and improve clinical outcomes.
Am J Prev Med 2022;63(1):121−130. © 2022 American Journal of Preventive Medicine. Published by Elsevier
Inc. All rights reserved.

INTRODUCTION

C

oronavirus disease 2019 (COVID-19) is caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Since ﬁrst appearing in
late 2019, COVID-19 has quickly spread around the
world. By September 2021, the total number of cases
worldwide had exceeded 220 million, resulting in >4 million deaths.1 With the recent emergence of new and
more infectious SARS-CoV-2 variants, a long-term integrated approach to the COVID-19 pandemic seems to
be an effective intervention in the absence or reduction
of vaccine protection.2 Although multiple COVID-19

vaccines are available, access to vaccines remains a serious problem for some parts of the world. In the absence
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of a vaccine, SARS-CoV-2 and inﬂuenza viruses have the
potential to spread in parallel in areas with a low rate of
COVID-19 vaccination during the fall and winter.3 Animal studies have suggested that an indirect etiological
immunity induction pathway may exist between the
inﬂuenza vaccine and COVID-19.4 A Brazilian study
showed that inﬂuenza vaccine may protect against
SARS-CoV-2 infection by training innate immunity.5
The inﬂuenza viruses and SARS-CoV-2 viruses have
evolutionary proximity, and the SARS-CoV-2 spike protein shares common features with Class 1 viral membrane fusion proteins.6,7 Inﬂuenza viruses and
coronaviruses share some similarities in their strategies
to control interferon and innate immune responses.8
Inﬂuenza vaccination also has an indirect effect by
reducing the burden of respiratory infections on the
national health system and facilitating differential diagnosis of respiratory infection−related diseases.9 Therefore, some studies have suggested that inﬂuenza
vaccination could be used as a temporary measure to
reduce the severity of COVID-19,6,10 especially in conjunction with vaccines against SARS-CoV-2 or in populations where the SARS-CoV-2 vaccine is not yet
available.
Previous studies have shown an association between
inﬂuenza vaccination status and COVID-19‒related
morbidity, hospitalization, and mortality.6,10 In a cohort
study, inﬂuenza vaccination was found to be associated
with lower disease severity and mortality among patients
with COVID-19.5 Modeling and hypothesis development studies also indicated a potential link between
inﬂuenza vaccination and reduced rates of COVID-19
infection.11−14 In a study based in Italy, it was found
that the higher inﬂuenza vaccination rates were, the
fewer the deaths from COVID-19. With a 1% increase of
inﬂuenza vaccination among adults aged >65 years, the
regional death rate owing to COVID-19 decreased by
0.3450.10 By contrast, Fink and colleagues5 and de la
Cruz Conty et al.15 did not observe an association
between inﬂuenza vaccination and hospitalization and
intensive care unit (ICU) admission for patients with
COVID-19. Therefore, the purpose of this meta-analysis
was to assess the association between previous inﬂuenza
vaccination and COVID-19 on the basis of the available
evidence.

METHODS
The reporting of studies included in this systematic review and
meta-analysis followed the PRISMA guidelines.16 In addition,
this meta-analysis was registered on March 29, 2021 in the
International Prospective Register of Systematic Reviews
(https://www.crd.york.ac.uk/prospero/, registration number:
CRD42021235490).

Search Strategy
The literature search was completed before August 13, 2021 for relevant articles from the following databases: (1) PubMed, (2)
Cochrane Library, (3) Web of Science, (4) Embase, (5) SinoMed,
(6) China National Knowledge Infrastructure, (7) Wanfang Data
Knowledge Service Platform, and (8) China Science and Technology Journal VIP Database. The relevant retrieval strategy was as follows: (Inﬂuenza vaccination OR Inﬂuenza Vaccine OR Trivalent
Inﬂuenza Vaccine OR Quadrivalent Inﬂuenza Vaccine) AND
(COVID19 OR COVID-19 Virus Disease OR SARS-CoV-2 Infection
OR Coronavirus Disease 2019). Relevant Chinese technical terms
for the Chinese databases were used to search for published articles.
Furthermore, references of all relevant articles and reviews were
retrieved to search for additional eligible studies. The detailed
search strategy is described in the Appendix (available online).

Inclusion and Exclusion Criteria
Inclusion criteria. A ﬁrst screening was performed on the
basis of the title and abstract. Then, a second round of screening
was performed on the basis of full text. A third screening was carried out to identify and remove papers from the same study. Studies
that met the following criteria were included: (1) the exposure factor was inﬂuenza vaccine; (2) the outcome events were the infection
rate of COVID-19 and hospitalization or ICU admission or death
owing to COVID-19; (3) RRs or ORs or hazard ratios (HRs) and
95% CIs or data to calculate them were provided; and (4) if there
were multiple publications from the same population, the study
with larger sample sizes or greater information yield was selected.
Exclusion criteria. To ensure this meta analysis was scientiﬁc
and reasonable, we have developed corresponding exclusion criteria.
Study exclusion criteria were as follows: (1) the data were unavailable
or not adequate to analyze; (2) duplicate literature; (3) abstracts only,
the full text of the study was not available; (4) comments, letters to
the editor, or case reports; and (5) people who received an inﬂuenza
vaccine after conﬁrming COVID-19 infection.

Data Extraction
After deleting duplicates, all abstracts and titles were ﬁltered independently by 2 investigators to remove articles not meeting inclusion criteria. Two independent investigators extracted data from
the included articles. Data extraction included ﬁrst author name,
year of publication, study location, study type, adjusted confounding factors, inﬂuenza vaccination status, and relevant outcome
events. The raw data were also extracted, including the number of
patients and relevant outcome events in the inﬂuenza vaccination
group and unvaccinated group; the number of inﬂuenza vaccinations for the patient group with COVID-19 and without COVID19; adjusted confounders; and adjusted and unadjusted RRs, ORs,
or HRs with corresponding 95% CIs. Any unresolved discrepancies regarding relevant literature data extraction issues were
resolved through discussion with a third investigator.

Quality Assessment
According to the Agency for Healthcare Research and Quality, the
Newcastle−Ottawa Scale and 11-item Prevalence Study Quality
checklist are recommended to assess the quality of the included case
−control studies, cohort studies, and cross-sectional studies.17 Using
www.ajpmonline.org
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Figure 1. Flow diagram of the study search and selection process.
the Newcastle−Ottawa Scale, the quality of the included studies was
rated as follows: low quality (0−3), moderate quality (4−6), or high
quality (7−9). For cross-sectional studies, this study used a list of 11
items for quality assessment. The quality of the studies was assessed
as follows: low quality (0−3), moderate quality (4−7), and high quality (8−11). If there were differences in the investigators’ assessment
of the quality of the study, a discussion or consultation was conducted with a third investigator to reach a conclusion.

Statistical Analysis
Statistical analyses of all data were performed with Stata, version
14.0. The extracted data were used to calculate a pooled RR with
95% CI to assess the association between inﬂuenza vaccination
status and the risk of COVID-19 infection, hospitalization, and
death in patients with COVID-19. HRs were considered approximations of RRs.18,19 Where necessary, ORs were transformed into
RRs with the formula: RR = OR/([1 P0] + [P0 £ OR]), where P0
is the incidence of the outcome of interest in the nonexposed
group.20 The SE of the resulting converted RR was then determined with the following formula: SE log(RR) = SE log
(OR) £ log(RR)/log(OR), which could also be used to calculate
the upper and lower limits of the CI by applying this formula to
the upper and lower conﬁdence limits of the adjusted OR.21 If the
July 2022

study did not report a risk estimate for inﬂuenza vaccination, the
risk estimate was calculated using raw data from inﬂuenza vaccination according to the type of study. Subgroup analyses were
conducted in terms of study design, study location, whether the
study adjusted for confounding factors, inﬂuenza vaccine types,
and study population for the association between inﬂuenza vaccine and risk of COVID-19. Heterogeneity analysis among studies
was assessed using Cochran’s Q chi-square test and I2 statistics. If
I2>50%, the random-effects model was used as the pooling
method. Otherwise, the ﬁxed-effects model was used.22 Metaregression was adopted to investigate whether study characteristics explained the heterogeneity of results among studies.23 A sensitivity analysis was conducted by omitting 1 study at a time to
determine whether the omission of the study inﬂuenced the overall results.24 Assessment of publication bias was quantitatively
assessed by Begg’s test and Egger’s test,25 and p<0.05 was considered statistically signiﬁcant. When the study size or sample size is
small, Egger’s test is limited.26

RESULTS
A total of 3,887 studies met the initial search criteria.
After 3 rounds of screening, a total of 23 studies3,5,15,27−46
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Table 1. Associated Risks and Publication Bias Between Inﬂuenza Vaccination and the Risk of COVID-19 Infection
Subgroups
All study
Study design
Cohort study
Cross-sectional study
Case-control study
Region
North America
Asia
Europe
Vaccine type
Inﬂuenza vaccine (unknown)
Tetravalent inﬂuenza vaccine
Trivalent inﬂuenza vaccine
Study population type
General population
Special populationa
Adjusted age
Yes
No

p for Egger’s test

p for Begg’s test

Number of studies

RR (95% CI)

I square, %

16

0.83 (0.76, 0.90)

80.8

0.226

0.117

8
4
4

0.82 (0.73, 0.93)
0.82 (0.71, 0.94)
0.79 (0.59, 1.06)

73.2
82.3
81.8

0.783
0.507
0.226

0.805
1.000
0.174

4
2
10

0.78 (0.74, 0.82)
0.26 (0.02, 2.78)
0.86 (0.78, 0.96)

33.0
93.1
65.5

0.145
<0.01
0.371

0.174
0.317
0.421

10
4
2

0.84 (0.77, 0.93)
0.74 (0.65, 0.84)
0.89 (0.64, 1.23)

69.5
0.0
95.9

0.247
0.321
<0.01

0.325
0.174
0.317

11
5

0.84 (0.77, 0.89)
0.58 (0.34, 1.01)

73.4
86.4

0.025
0.132

0.983
0.327

11
5

0.86 (0.79, 0.94)
0.68 (0.53, 0.88)

82.8
80.0

0.170
0.031

0.142
0.586

Note: Boldface indicates statistical signiﬁcance (p<0.05).
a
Special population includes healthcare workers, patients with advanced cancer, and hospital employees.

met the inclusion criteria. The detailed process of literature screening is shown in Figure 1.
In this meta-analysis, 23 published articles comprising
1,037,445 participants were ﬁnalized, involving 14
cohort studies, 4 case−control studies, and 5 cross-sectional studies. A total of 12 of the 16 studies on the association between inﬂuenza vaccination and SARS-CoV-2
infection included adjusted estimates. The adjusted variables included in the studies were generally age, sex, and
comorbidities, but these were not the same across studies. Patients who received their last inﬂuenza vaccine
>12 months before the diagnosis of COVID-19 and
those who received inﬂuenza vaccine after diagnosis of
COVID-19 were not included in this study. The Newcastle−Ottawa Scale scores of included studies were ≥7, and
the scores of the 11-item Prevalence Study Quality
checklist were ≥8. Appendix Table 1 (available online)
(outcome indicators were COVID-19 infection, hospitalization, ICU admission, and death) shows the detailed
characteristics of the included studies.
In total, this study extracted unadjusted and adjusted
RRs, HRs, or ORs from the original data for 23 studies
for synthesis. Of these, 16 studies3,27−41 examined the
association between inﬂuenza vaccination and the risk
of COVID-19 infection, 7 studies28,30,34,40,42−44 examined the association between inﬂuenza vaccination and
the risk of hospitalization in patients with COVID-19, 5
studies15,34,43−45 assessed the association between

inﬂuenza vaccination and the risk of ICU admission in
patients with COVID-19, and 6 studies5,40,42,43,45,46
explored the association between inﬂuenza vaccination
and the risk of death in patients with COVID-19. The
results showed that inﬂuenza vaccination was associated
with a reduced risk of COVID-19 infection (RR=0.83,
95% CI=0.76, 0.90, I2=80.8%). Among patients with
COVID-19, those who received an inﬂuenza vaccine
within 12 months before the diagnosis of COVID-19
had a lower risk of hospitalization (RR=0.71, 95%
CI=0.59, 0.84, I2=87.7%). However, no association
between inﬂuenza vaccination and ICU admission
(RR=0.93, 95% CI=0.64, 1.36, I2=58.8%) or death
(RR=0.83, 95% CI=0.68, 1.01, I2=90.3%) was observed.
All of these studies adopted a random-effects model.
The main results are shown in Figure 2.
A subgroup analysis of COVID-19 infection risk was
also performed on the basis of the included studies.
When grouped by study design, the pooled RR was 0.82
(95% CI=0.73, 0.93, I2=73.2%) for cohort studies, 0.79
(95% CI=0.59, 1.06, I2=81.8%) for case−control studies,
and 0.82 (95% CI=0.71, 0.94, I2=82.3%) for cross-sectional studies. The pooled RRs differed on the basis of
study location. The pooled RR was 0.78 (95% CI=0.74,
0.82, I2=33.0%) on the basis of 4 studies in North America, 0.26 (95% CI=0.02, 2.78, I2=93.1%) on the basis of 2
studies in Asia, and 0.86 (95% CI=0.78, 0.96, I2=65.5%)
on the basis of 10 European studies. Considering the
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Figure 2. Forest plot of the RR with corresponding 95% CIs from studies on (A) inﬂuenza vaccine and COVID-19 infection, (B) inﬂuenza vaccine and the risk of death in COVID-19 patients, (D) inﬂuenza vaccine and the risk of ICU in COVID-19 patients, and (F) inﬂuenza vaccine and the risk of hospitalization in patients with COVID-19. Forest plots for subgroup analysis on the association
between inﬂuenza vaccination and SARS-CoV-2 infection were analyzed by random-effects model: (C) grouped by study design, (E)
grouped by region, (G) grouped by vaccine type, (H) grouped by study population, and (I) grouped by adjustment for age.
ICU, intensive care unit.
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Begg’s test was 0.226, and the p-value of Egger’s test was
0.177. The funnel plot visual was asymmetric
(Appendix Figure 1, available online). The detailed
Begg’s and Egger’s test results are shown in Table 1.

DISCUSSION

Figure 3. Sensitivity analysis of the association between inﬂuenza vaccination and COVID-19 infection by omitting studies
one by one.

inﬂuence of confounding factors on the study results,
this meta-analysis grouped on the basis of age adjustment, and the pooled RR values were 0.68 (95%
CI=0.53, 0.88, I2=80.0%) for combined unadjusted age
and 0.86 (95% CI=0.79, 0.94, I2=82.8%) for adjusted age.
The heterogeneity of the studies was signiﬁcantly lower
after adjusting for confounders, but both groups showed
that the inﬂuenza vaccine was associated with a reduced
risk of COVID-19 infection. Further subgroup analysis
of inﬂuenza vaccine types showed that tetravalent inﬂuenza vaccine may be associated with reduced risk of
COVID-19 (RR=0.74, 95% CI=0.65, 0.84, I2=0.0%). For
study population type, a statistically signiﬁcant association was found in the general population, and the pooled
RR was 0.83 (95% CI=0.77, 0.89, I2=73.4%). Detailed
results of the subgroup analysis are summarized in
Table 1 and Figure 2.
The heterogeneity of most studies was high, and this
study used the random-effects model as the pooling
method. Study heterogeneity was inﬂuenced by study
area and inﬂuenza vaccine type on the basis of subgroup
analysis. Possible inﬂuencing factors are the difference
in population composition and economic level in the
study area. However, the meta-regression did not ﬁnd
any factors with special effects, and Table 1 shows the
detailed results of the heterogeneity analysis.
Sensitivity analyses were conducted by excluding
studies one by one to test the stability of the association
and possible sources of statistical heterogeneity. The
pooled RRs suggested that the results of this study were
stable and reliable, and Figure 3 shows the detailed
results of the sensitivity analysis by omitting studies one
by one on inﬂuenza vaccination and COVID-19 infection. In addition, no publication bias was detected by
Begg’s test and Egger’s test. In this study, the p-value of

The results of this meta-analysis indicate that inﬂuenza
vaccination may be associated with a reduced risk of
SARS-CoV-2 infection. In addition, inﬂuenza vaccination
was associated with a reduced risk of hospitalization in
patients with COVID-19, but no association was found
with the risk of ICU admission and death. The lack of statistical association between inﬂuenza vaccination and ICU
admission and death could possibly be owing to most
patients being elderly. There may be an association
between patient age and prognosis, and as age increases,
these patients may have a higher risk of infection and a
higher number of comorbidities, which seems to explain
the statistically insigniﬁcant results of vaccinated patients
entering the ICU and dying. Second, the number of original studies on ICU admission and death was small, and
the potential mechanisms of association between inﬂuenza vaccination and COVID-19 disease severity need to
be further explored. The results of this meta-analysis are
supported by those of previous relevant studies. Some
studies conducted in the U.S. and Italy have shown an
inverse relationship between inﬂuenza vaccination coverage and seroprevalence of SARS-CoV-2 and
hospitalization.10,47 Compared with unvaccinated individuals, those who agree to be vaccinated for inﬂuenza were
more likely to take a proactive stance to prevent COVID19 infection, including wearing protective masks properly,
respecting social distancing, and the use of other personal
protection equipment during the pandemic.
The mechanism of the association between inﬂuenza
vaccination and SARS-CoV-2 infection is not yet clear.
However, Lee and colleagues48 proposed a hypothetical
training immune mechanism that seems to explain the
protective effect of inﬂuenza vaccine against COVID-19.
Recent studies suggested that inﬂuenza vaccination
could mitigate the severity of COVID-19, either by modulating the immune response or by reducing the risk of
coinfections.5,10 The structure, binding receptor, and
induced immune response pattern of the inﬂuenza vaccine are similar to those of SARS-CoV-2.49−52 Related
studies have shown that the binding of the coronavirus
spike protein to the angiotensin-converting enzyme 2
(ACE2) receptor, its cellular binding site, leads to ACE2
downregulation. However, inﬂuenza vaccination is also
able to downregulate ACE2, and this dual inhibition
may have reduced the risk of the disease.6,53 There is
also a potential for cross-reaction between inﬂuenza
www.ajpmonline.org
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virus and SARS-CoV-2, and the protective immune
response induced by inﬂuenza vaccination helps to
reduce the severity and transmission of COVID-19.45
The inﬂuenza vaccine activates toll-like receptor cells on
the surface of macrophages, dendritic cells, and neutrophils, keeping the immune system primed and activated
before SARS-CoV-2 invasion, which is conducive to the
early discovery of SARS-CoV-2.10,54 Immune cell counts,
such as dendritic cells and megakaryocytes, are similar
after vaccination compared with those before vaccination, and some of the most prominent transcriptional
changes have been observed in CD14+ monocytes.
This change strengthens the host defense against
SARS-CoV-2.55 Related studies have shown that certain vaccines lead to protection against other infections through trained immunity for up to 1 year and
in the case of live vaccines for up to 5 years.56 Furthermore, inﬂuenza vaccination itself would generate
sustained immunity that overall enhances immunity
against SARS-CoV-2. However, the speciﬁc mechanisms of the association between inﬂuenza vaccination
and COVID-19 should be investigated further.
Subgroup analysis was performed to clarify this relationship in more detail. In the subgroup analysis of vaccine types, the tetravalent inﬂuenza vaccine may have a
potential protective effect against COVID-19 infection,
which is consistent with the ﬁndings of several
studies.27,32 Compared with the trivalent inﬂuenza vaccine, the tetravalent inﬂuenza vaccine increases immunogenicity against other strains without affecting
vaccine safety.57 In an in vitro model, a tetravalent inﬂuenza vaccine was shown to induce trained immunity and
improve immune cell responsiveness to SARS-CoV-2
stimulation. Different types of inﬂuenza vaccines use different adjuvants and induce different training immunization programs. Compared with the trivalent inﬂuenza
vaccine, Debisarun et al.27 found an enhanced antiviral
response after quadrivalent inﬂuenza vaccination. However, the number of studies investigating the effects of
different inﬂuenza vaccine subtypes on COVID-19 was
relatively small, and more studies are needed to conﬁrm
the association between different inﬂuenza vaccine subtypes and COVID-19.
In the subgroup analysis based on study location, this
study found a statistically signiﬁcant association in the
U.S. and Europe. The timing of inﬂuenza vaccination
campaigns, which population groups are prioritized for
vaccination, and the timing and severity of SARS-CoV-2
circulation may also have contributed to this variability.
For the study design, a statistically signiﬁcant association
was found in the cohort study and cross-sectional study
but not in the case−control study. In the subgroup analysis of the study population, statistically signiﬁcant
July 2022
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associations were found in the general population but
not in the special population, probably because of its
small sample size. This study performed subgroup analyses on the basis of whether the original study adjusted
for confounders. The analysis resulted in signiﬁcantly
less heterogeneity in this study after adjusting for confounders, but both groups showed that the inﬂuenza
vaccination was associated with a reduced risk of
COVID-19 infection. The higher heterogeneity of unadjusted correlates may have ampliﬁed the protective effect
of inﬂuenza vaccine. However, certain groups, such as
healthcare workers, are at signiﬁcantly higher risk of
exposure to SARS-CoV-2 than other workers, so healthcare workers are strongly recommended to receive inﬂuenza vaccination to reduce hospitalization and aid in the
differential diagnosis of COVID-19,38 especially in areas
where the COVID-19 vaccine supply is limited.
There were some signiﬁcant strengths to this metaanalysis. First, this meta-analysis includes published
studies with more participants than individual cohort,
case−control, or cross-sectional studies, increasing the
statistical power. Second, this is the ﬁrst study exploring
the relationship between different inﬂuenza vaccine
types and COVID-19, which provides more reliable and
practical evidence for clinical practice and further
research. In addition, the main confounding factors of
adjustment of most studies were similar, such as age,
sex, and comorbidities. Finally, this study adopted a random-effects model to calculate the pooled RRs, and sensitivity analysis showed that no individual study had an
excessive inﬂuence on the pooled effect. Therefore, the
results were more reasonable, stable, and convincing.
This meta-analysis concluded that inﬂuenza vaccination
is associated with a reduced risk of SARS-CoV-2 infection. The results of this study are the same as those of a
previous meta-analysis.58 However, in regard to improving clinical outcomes, this study obtained different
results. This study’s results suggest that inﬂuenza vaccination is associated with a reduced risk of hospitalization
among patients with COVID-19, which may be owing to
the larger number of studies this study included.

Limitations
This meta-analysis also has several limitations. First, the
evidence of the correlation between inﬂuenza vaccination and COVID-19 is mainly based on observational
studies. Observational studies only generate hypotheses59; therefore, further studies with more appropriate
designs are still needed to verify this study's ﬁndings.
Second, the small number of studies included in this
meta-analysis on inﬂuenza vaccination and the risk of
hospitalization, ICU admission, and death in patients
with COVID-19 lacked sufﬁcient data to conduct
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subgroup and sensitivity analyses. Third, considering the
completeness of the data and inappropriate statistical
methods, this study was not included in the gray literature database in the search strategy, which may have
caused some bias to the ﬁndings. Fourth, owing to the
limited authority of the retrieval system used in this
study, literature other than Chinese and English could
not be obtained. This study focused only on the ﬁndings
of the literature on inﬂuenza vaccines and COVID-19 in
both Chinese and English. Therefore, there may be a
potential language bias in the study results. A more comprehensive study will be conducted when more literature
is available in other languages. Finally, although most of
the studies included in this meta-analysis controlled for
the underlying confounders, this study was unable to
adjust for all potential and unrecognized confounders,
which may have an impact on the associations this study
observed. Because of these limitations, further studies
should be conducted to conﬁrm these preliminary ﬁndings.

CONCLUSIONS
The results of this meta-analysis suggest that inﬂuenza
vaccination is associated with a reduced risk of COVID19 infection. In addition, among patients with COVID19, those who had previously received inﬂuenza vaccine
had better clinical outcomes. In the dual epidemics of
inﬂuenza and COVID-19, inﬂuenza vaccination is recommended universally and should still be promoted to
reduce the impacts on the healthcare system regardless
of whether COVID-19 vaccination is available. However,
more studies are still needed to conﬁrm and further clarify this study’s ﬁndings, and more in-depth studies are
needed to explain the potential mechanisms by which
inﬂuenza vaccines can reduce the risk of COVID-19
infection and disease severity.

ACKNOWLEDGMENTS
No ﬁnancial disclosures were reported by the authors of this
paper.

CREDIT AUTHOR STATEMENT
Wanying Su: Writing - original draft, Software, Investigation,
Methodology. Hao Wang: Writing - original draft, Software,
Investigation, Methodology. Chengyu Sun: Writing - review and
editing, Formal analysis, Software, Methodology. Ning Li: Software, Visualization. Xianwei Guo: Software, Visualization. Qiuxia
Song: Investigation, Formal analysis. Qiwei Liang: Investigation,
Formal analysis. Mingming Liang: Data curation, Formal analysis. Xiuxiu Ding: Data curation, Formal analysis. Yehuan Sun:
Writing - review and editing, Methodology, supervision, Funding
acquisition, Project administration.

SUPPLEMENTAL MATERIAL
Supplemental materials associated with this article can be
found in the online version at https://doi.org/10.1016/j.
amepre.2022.02.008.

REFERENCES
1. Stokes NL, Reed KA, Berbari EF, Vetter S, Binnicker MJ. Evaluation of
the BinaxNOW COVID-19 rapid antigen test in an asymptomatic
patient population undergoing preprocedural screening. J Clin Microbiol. 2021;59(12):e0165021. https://doi.org/10.1128/JCM.01650-21.
2. Beckman MF, Mougeot FB, Mougeot JC. Comorbidities and susceptibility to COVID-19: a generalized gene set data mining approach.
J Clin Med. 2021;10(8):1666. https://doi.org/10.3390/jcm10081666.
3. Green I, Ashkenazi S, Merzon E, Vinker S, Golan-Cohen A. The association of previous inﬂuenza vaccination and coronavirus disease2019. Hum Vaccin Immunother. 2021;17(7):2169–2175. https://doi.
org/10.1080/21645515.2020.1852010.
4. Yang P, Gu H, Zhao Z, et al. Angiotensin-converting enzyme 2
(ACE2) mediates inﬂuenza H7N9 virus-induced acute lung injury. Sci
Rep. 2014;4:7027. https://doi.org/10.1038/srep07027.
5. Fink G, Orlova-Fink N, Schindler T, et al. Inactivated trivalent inﬂuenza vaccination is associated with lower mortality among patients
with COVID-19 in Brazil. BMJ Evid Based Med. 2020;26(4):192–193.
https://doi.org/10.1136/bmjebm-2020-111549.
6. Arokiaraj MC. Considering interim interventions to control COVID19 associated morbidity and mortality-perspectives. Front Public
Health. 2020;8:444. https://doi.org/10.3389/fpubh.2020.00444.
7. Li F. Structure, function, and evolution of coronavirus spike proteins.
Annu Rev Virol. 2016;3(1):237–261. https://doi.org/10.1146/annurevvirology-110615-042301.
8. Menachery VD, Eisfeld AJ, Sch€afer A, et al. Pathogenic inﬂuenza
viruses and coronaviruses utilize similar and contrasting approaches
to control interferon-stimulated gene responses. mBio. 2014;5(3):
e01174. −14. https://doi.org/10.1128/mBio.01174-14.
9. Sultana J, Mazzaglia G, Luxi N, et al. Potential effects of vaccinations
on the prevention of COVID-19: rationale, clinical evidence, risks,
and public health considerations. Expert Rev Vaccines. 2020;19
(10):919–936. https://doi.org/10.1080/14760584.2020.1825951.
10. Marín-Hernandez D, Schwartz RE, Nixon DF. Epidemiological evidence for association between higher inﬂuenza vaccine uptake in the
elderly and lower COVID-19 deaths in Italy. J Med Virol. 2021;93
(1):64–65. https://doi.org/10.1002/jmv.26120.
11. Li Q, Tang B, Bragazzi NL, Xiao Y, Wu J. Modeling the impact of mass
inﬂuenza vaccination and public health interventions on COVID-19
epidemics with limited detection capability. Math Biosci.
2020;325:108378. https://doi.org/10.1016/j.mbs.2020.108378.
12. Gurwitz D. Angiotensin receptor blockers as tentative SARS-CoV-2
therapeutics. Drug Dev Res. 2020;81(5):537–540. https://doi.org/
10.1002/ddr.21656.
13. Koo JR, Cook AR, Park M, et al. Interventions to mitigate early spread
of SARS-CoV-2 in Singapore: a modelling study [published correction
appears in Lancet Infect Dis. 2020;20(5):e79]. Lancet Infect Dis.
2020;20(6):678–688. https://doi.org/10.1016/S1473-3099(20)30162-6.
14. Salem ML, El-Hennawy D. The possible beneﬁcial adjuvant effect of
inﬂuenza vaccine to minimize the severity of COVID-19. Med
Hypotheses. 2020;140:109752. https://doi.org/10.1016/j.mehy.2020.
109752.
15. de la Cruz Conty ML, Encinas Pardilla MB, Garcia Sanchez M, et al.
Impact of recommended maternal vaccination programs on the clinical presentation of SARS-CoV-2 infection: a prospective observational
study. Vaccines (Basel). 2021;9(1):31. https://doi.org/10.3390/vaccines9010031.

www.ajpmonline.org

Su et al / Am J Prev Med 2022;63(1):121−130
16. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: the
PRISMA statement. PLoS Med. 2009;6(7):e1000097. https://doi.org/
10.1371/journal.pmed.1000097.
17. Rostom A, Dube C, Cranney A, et al. Celiac disease. Evid Rep Technol
Assess (Summ). 2004(104):1–6. https://pubmed.ncbi.nlm.nih.gov/
15346868/. Accessed March 29, 2022.
18. Escrig-Sos J. On how to analyze the credibility of a clinical trial or
meta-analysis whose main result is expressed in odds ratio, relative
risk or hazard ratio [in Spanish]. Cir Esp. 2005;78(6):351–356. https://
doi.org/10.1016/S0009-739X(05)70953-2.
19. Lee YH. An overview of meta-analysis for clinicians. Korean J Intern
Med. 2018;33(2):277–283. https://doi.org/10.3904/kjim.2016.195.
20. Ronksley PE, Brien SE, Turner BJ, Mukamal KJ, Ghali WA. Association of alcohol consumption with selected cardiovascular disease outcomes: a systematic review and meta-analysis. BMJ. 2011;342:d671.
https://doi.org/10.1136/bmj.d671.
21. Zhang J, Yu KF. What’s the relative risk? A method of correcting the
odds ratio in cohort studies of common outcomes. JAMA. 1998;280
(19):1690–1691. https://doi.org/10.1001/jama.280.19.1690.
22. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. 2003;327(7414):557–560. https://doi.org/
10.1136/bmj.327.7414.557.
23. Higgins JP, Thompson SG. Controlling the risk of spurious ﬁndings
from meta-regression. Stat Med. 2004;23(11):1663–1682. https://doi.
org/10.1002/sim.1752.
24. Haidich AB. Meta-analysis in medical research. Hippokratia. 2010;14
(suppl 1):29–37. https://pubmed.ncbi.nlm.nih.gov/21487488/.
25. Irwig L, Macaskill P, Berry G, Glasziou P. Bias in meta-analysis
detected by a simple, graphical test. Graphical test is itself biased. BMJ.
1998;316(7129):470–471. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2665595/pdf/9492687.pdf.
26. Luo J, Dong LW. Theory & practice of systematic review/meta-analysis
[in Chinese]. Chin J Evid-Based Cardiovasc Med. 2013;5(2):115.
https://kns.cnki.net/kcms/detail/detail.aspx?FileName=PZXX2013020
08&DbName=CJFQ2013.
27. Debisarun PA, Struycken P, Domínguez-Andres J, et al. The effect of
inﬂuenza vaccination on trained immunity impact on COVID-19.
medRxiv. Preprint. Online October 16, 2020. https://doi.org/10.1101/
2020.10.14.20212498.
28. Bozek A, Koz»owska R, Galuszka B, Grzanka A. Impact of inﬂuenza
vaccination on the risk of SARS-CoV-2 infection in a middle-aged
group of people. Hum Vaccin Immunother. 2021;17(9):3126–3130.
https://doi.org/10.1080/21645515.2021.1913961.
29. Bersanelli M, Giannarelli D, De Giorgi U, et al. Symptomatic COVID19 in advanced-cancer patients treated with immune-checkpoint
inhibitors: prospective analysis from a multicentre observational trial
by FICOG. Ther Adv Med Oncol. 2020;12 1758835920968463. https://
doi.org/10.1177/1758835920968463.
30. Conlon A, Ashur C, Washer L, Eagle KA, Hofmann Bowman MA.
Impact of the inﬂuenza vaccine on COVID-19 infection rates and
severity. Am J Infect Control. 2021;49(6):694–700. https://doi.org/
10.1016/j.ajic.2021.02.012.
31. Martínez-Baz I, Trobajo-Sanmartín C, Arregui I, et al. Inﬂuenza vaccination and risk of SARS-CoV-2 infection in a cohort of health workers.
Vaccines (Basel). 2020;8(4):611. https://doi.org/10.3390/vaccines
8040611.
32. Jehi L, Ji X, Milinovich A, et al. Individualizing risk prediction for positive coronavirus disease 2019 testing: results from 11,672 patients.
Chest. 2020;158(4):1364–1375. https://doi.org/10.1016/j.chest.2020.05.
580.
33. Vila-C
orcoles A, Ochoa-Gondar O, Satue-Gracia EM, et al. Inﬂuence
of prior comorbidities and chronic medications use on the risk of
COVID-19 in adults: a population-based cohort study in Tarragona,
Spain. BMJ Open. 2020;10(12):e041577. https://doi.org/10.1136/
bmjopen-2020-041577.

July 2022

129

34. Pawlowski C, Puranik A, Bandi H, et al. Exploratory analysis of immunization records highlights decreased SARS-CoV-2 rates in individuals
with recent non-COVID-19 vaccinations. Sci Rep. 2021;11(1):4741.
https://doi.org/10.1038/s41598-021-83641-y.
35. Huang K, Lin SW, Sheng WH, Wang CC. Inﬂuenza vaccination and
the risk of COVID-19 infection and severe illness in older adults in the
United States. Sci Rep. 2021;11(1):11025. https://doi.org/10.1038/
s41598-021-90068-y.
36. Belingheri M, Paladino ME, Latocca R, De Vito G, Riva MA. Association between seasonal ﬂu vaccination and COVID-19 among healthcare workers. Occup Med (Lond). 2020;70(9):665–671. https://doi.org/
10.1093/occmed/kqaa197.
37. Noale M, Trevisan C, Maggi S, et al. The association between inﬂuenza
and pneumococcal vaccinations and SARS-Cov-2 infection: data from
the EPICOVID19 Web-Based Survey. Vaccines (Basel). 2020;8(3):471.
https://doi.org/10.3390/vaccines8030471.
38. King JP, McLean HQ, Belongia EA. Risk of symptomatic severe acute
respiratory syndrome coronavirus 2 infection not associated with
inﬂuenza vaccination in the 2019−2020 season. Inﬂuenza Other Respir
Viruses. 2021;15(6):697–700. https://doi.org/10.1111/irv.12880.
39. Massoudi N, Mohit B. A case-control study of the 2019 inﬂuenza vaccine
and incidence of COVID-19 among healthcare workers. J Clin Immunol.
2021;41(2):324–334. https://doi.org/10.1007/s10875-020-00925-0.
40. Ragni P, Marino M, Formisano D, et al. Association between exposure
to inﬂuenza vaccination and COVID-19 diagnosis and outcomes. Vaccines (Basel). 2020;8(4):675. https://doi.org/10.3390/vaccines8040675.
41. Kissling E, Hooiveld M, Brytting M, et al. Absence of association
between 2019−20 inﬂuenza vaccination and COVID-19: results of the
European I-MOVE-COVID-19 primary care project, March−August
2020. Inﬂuenza Other Respir Viruses. 2021;15(4):429–438. https://doi.
org/10.1111/irv.12839.
42. Wilcox CR, Islam N, Dambha-Miller H. Association between inﬂuenza
vaccination and hospitalisation or all-cause mortality in people with
COVID-19: a retrospective cohort study. BMJ Open Respir Res. 2021;8
(1):e000857. https://doi.org/10.1136/bmjresp-2020-000857.
43. Massari M, Spila-Alegiani S, Fabiani M, et al. Association of inﬂuenza
vaccination and prognosis in patients testing positive to SARS-CoV-2
swab test: a large-scale Italian multi-database cohort study. Vaccines
(Basel). 2021;9(7):716. https://doi.org/10.3390/vaccines9070716.
44. Yang MJ, Rooks BJ, Le TT, et al. Inﬂuenza vaccination and hospitalizations among COVID-19 infected adults. J Am Board Fam Med. 2021;34
(suppl):S179–S182. https://doi.org/10.3122/jabfm.2021.S1.200528.
45. Candelli M, Pignataro G, Torelli E, et al. Effect of inﬂuenza vaccine on
COVID-19 mortality: a retrospective study. Intern Emerg Med.
2021;16(7):1849–1855. https://doi.org/10.1007/s11739-021-02702-2.
46. Ortiz-Prado E, Simba~
na-Rivera K, Barreno LG, et al. Epidemiological,
socio-demographic and clinical features of the early phase of the
COVID-19 epidemic in Ecuador. PLoS Negl Trop Dis. 2021;15(1):
e0008958. https://doi.org/10.1371/journal.pntd.0008958.
47. Amato M, Werba JP, Frigerio B, et al. Relationship between inﬂuenza
vaccination coverage rate and COVID-19 outbreak: an Italian ecological study. Vaccines (Basel). 2020;8(3):535. https://doi.org/10.3390/vaccines8030535.
48. Lee CH, Pinho MP, Buckley PR, et al. Potential CD8+ T cell cross-reactivity against SARS-CoV-2 conferred by other coronavirus strains. Front
Immunol. 2020;11:579480. https://doi.org/10.3389/ﬁmmu.2020.579480.
49. Zeng Q, Langereis MA, van Vliet AL, Huizinga EG, de Groot RJ. Structure of coronavirus hemagglutinin-esterase offers insight into corona
and inﬂuenza virus evolution. Proc Natl Acad Sci U S A. 2008;105
(26):9065–9069. https://doi.org/10.1073/pnas.0800502105.
50. Abdella R, Aggarwal M, Okura T, Lamb RA, He Y. Structure of a paramyxovirus polymerase complex reveals a unique methyltransferaseCTD conformation. Proc Natl Acad Sci U S A. 2020;117(9):4931–4941.
https://doi.org/10.1073/pnas.1919837117.
51. Thevarajan I, Nguyen THO, Koutsakos M, et al. Breadth of concomitant immune responses prior to patient recovery: a case report of non-

130

52.

53.

54.

55.

Su et al / Am J Prev Med 2022;63(1):121−130

severe COVID-19. Nat Med. 2020;26(4):453–455. https://doi.org/
10.1038/s41591-020-0819-2.
Koutsakos M, Wheatley AK, Loh L, et al. Circulating TFH cells, serological memory, and tissue compartmentalization shape human inﬂuenza-speciﬁc B cell immunity. Sci Transl Med. 2018;10(428):eaan8405.
https://doi.org/10.1126/scitranslmed.aan8405.
Earnest JT, Hantak MP, Park JE, Gallagher T. Coronavirus and inﬂuenza virus proteolytic priming takes place in tetraspanin-enriched
membrane microdomains. J Virol. 2015;89(11):6093–6104. https://
doi.org/10.1128/JVI.00543-15.
Eldanasory OA, Rabaan AA, Al-Tawﬁq JA. Can inﬂuenza vaccine
modify COVID-19 clinical course? Travel Med Infect Dis.
2020;37:101872. https://doi.org/10.1016/j.tmaid.2020.101872.
Debisarun PA, G€
ossling KL, Bulut O, et al. Induction of trained immunity by inﬂuenza vaccination - impact on COVID-19. PLoS Pathog.
2021;17(10):e1009928. https://doi.org/10.1371/journal.ppat.1009928.

56. Netea MG, Domínguez-Andres J, Barreiro LB, et al. Deﬁning trained
immunity and its role in health and disease. Nat Rev Immunol.
2020;20(6):375–388. https://doi.org/10.1038/s41577-020-0285-6.
57. Sarkar S, Bokade C, Garg K, Kumar R, Sanmukhani J, Mittal R.
Immunogenicity and safety of the ﬁrst indigenously developed Indian
tetravalent inﬂuenza vaccine (split virion) in healthy children (6
months to 17 years of age): a randomized, multicenter, phase III clinical trial. Hum Vaccin Immunother. 2021;17(3):681–689. https://doi.
org/10.1080/21645515.2020.1794683.
58. Wang R, Liu M, Liu J. The association between inﬂuenza vaccination
and COVID-19 and its outcomes: a systematic review and meta-analysis of observational studies. Vaccines (Basel). 2021;9(5):529. https://
doi.org/10.3390/vaccines9050529.
59. Mann CJ. Observational research methods. Research design II: cohort,
cross sectional, and case-control studies. Emerg Med J. 2003;20(1):54–
60. https://doi.org/10.1136/emj.20.1.54.

www.ajpmonline.org

